In the Indus River Basin, various hydrological modeling studies have been conducted in the context of climate change scenarios. However, none of these studies addressed the impact of socio-economic along with the climate change scenarios on sustainable water demand and supply. This study 
INTRODUCTION
More than one-third of the world's population (∼2.4 billion people) is living in water-stressed countries and this will increase to two-thirds by the year 2025 (Vörösmarty et al. ) . Globally, rivers are exhibiting significant changes in annual runoff along with a decrease in snowfall and an increase in glacier melt, causing a water shortage in the long run. This will affect global water resources as well as the water availability for domestic and agricultural sectors (Arnell & Gosling ) . Additionally, rapid population increase, economic growth, and urbanization are putting more pressure on freshwater availability. Climate change, being one of the most important factors along with the population growth and other administrative approaches, is significantly affecting the surface water availability and groundwater resources (Santikayasa ) . Moreover, due to climate change, the Himalayan glaciers are retreating at a faster rate, which is affecting the river flows and groundwater recharge (Xu et al. ) . These factors lead to excessive usage of fresh water globally, resulting in decreased per capita water availability, especially in developing countries where water management has not been prioritized (Bakken et al. ) . is a combined approach of socio-economic components with physical, hydrological issues in a basin. The approach can be used to examine water resources better and develop a sustainable structure for the future (Inam et al. ) . The Modular Simulator (ModSim) is a decision support system for river basin management for short-/long-term planning, developing strategies and water allocation analysis (Vaghefi et al. ) . Among all the water allocation models, Water Evaluation and Planning (WEAP) has been the most widely used model in different basins around the world in the last decades (Yates et al. ) . WEAP has proven to be a useful tool for water resources' allocation under different socio-economic and climate change scenarios (Hum & Talib ) . Rayej () used WEAP to project the water demands in agricultural, urban, and environmental sectors up to 2050. Many scenarios of increased population growth and climate change were considered.
The study found that the urban demands increased rapidly under population growth scenarios, but the future climate of the region influenced the urban water demand to a lesser extent.
In Pakistan, the Indus River along with its tributaries (Kabul, Jhelum, Chenab, Ravi, Beas, and Sutlej) , is the world's most extensive and contiguous irrigation system. The Indus River system is a transboundary basin which covers an area of 1,140,000 km 2 (Frenken ). In Pakistan, the Indus River Basin starts from the north Basin covers a total area of about 520,000 km² in Pakistan which is 65% of the country's total area. The Indus Basin and its tributaries are dependent on snow and glacier melt water, about 50% of its base flow, which is affected due to accelerated glacier melting (Amin et al. ) . The Indus River is the major source of water for agriculture in Pakistan, as 74% of the river runoff is diverted into the irrigation canals. However, the availability of water for irrigation is about 11% less than the actual crop water requirement (Yaqoob ) . Water shortage is the most limiting factor in achieving higher crop yields while climate variability has disturbed the cropping pattern in Pakistan.
To meet the water demands, groundwater is being over- 
MATERIALS AND METHODS

Study area
The study area covers six districts, i.e., Mianwali, Khushab, 
Dataset used
Water requirements and demand estimation
The current and future water requirements were assessed for different sectors in the study area. Water demand analysis was performed for all the sectors using the disaggregatedbased approach in the WEAP model. The water demands for domestic, agriculture, and livestock were estimated as a measure of socio-economic forces in the area. Water requirement for each sector was given at disaggregated level (i.e., persons, hectares, heads), which then was multiplied by the annual water use rate for each sector.
The domestic water requirement for each district included urban as well as rural areas. The population census of 1998 was used to calculate total water demand at the district level (Table 2 ). For the reference scenario, the population growth rate for each district was used to estimate water demand ( existing croplands (Frenken ) . The value of evapotranspiration and effective precipitation were obtained from the literature and PMD. The irrigation water demand was then calculated by considering the cultivated areas and patterns in CIB. The water demand data for major crops such as cotton, maize, sugarcane, rice, and vegetables were computed using the crop water requirement of the study area.
Future water demand and scenarios' development
The year 1995 data on total water demand for various sec- 2. High population growth scenario: a 5% increase in the present growth rates, and all the other parameters were used as they were in the reference scenario.
3. Increased irrigation demands: based on the increase in irrigated area by 7%, while all other parameters are based on the reference scenario.
4. Climate change scenarios: the projected climate data are used for RCP4.5 and RCP8.5, whereas population and demand data remained unchanged.
5. Management scenarios: for the study area they are proposed to be in domestic and agriculture sectors:
1. The decrease in basic water consumption was decreased by 5%, and all the other parameters were based on the reference scenario.
The irrigation water consumptions were decreased
by 15%, where all the other parameters remain the same as a reference scenario.
Calibration process
Calibration of the WEAP model was done using the historical data from 1995 to 2004 (10 years) and then validation from 2005 to 2014. In the model calibration process, first the calibration methodology was selected among the five methods (rainfall-runoff method, irrigation demands only simplified coefficient approach, soil moisture method, MABIA method, and plant growth method) and then the parameters were identified along with their ranges that can be tuned to achieve the calibration of the model. The rainfall-runoff method for calibration of the model was selected because of the data availability according to the method's requirements. 
RESULTS
Model calibration and validation
The There was a 11% increase in domestic water demand. Similarly, the agriculture and livestock water demand increased to 55% in the year 2050.
Socio-economic scenarios
High population growth 
Increased irrigation demand scenarios
With an increasing growth rate of irrigated land, by 7%, the agriculture water demand will increase from 11 BCM in 2015 to 15 BCM in 2050 under increased irrigation demand scenario. The projected agriculture demand for the period 2015-2050 showed that the water demand in this sector is increasing gradually (Figure 9 ). The population growth is also affecting the increased demand for irrigation.
The livestock demand was set constant in all the scenarios over the simulation period. As reference scenario is the baseline for all other scenarios for water demand data, livestock water demand is the same in all the three scenarios.
Hence, only the reference scenario shows that the livestock demand is much less than other sectors (Figure 10 ).
Climate change scenarios
The development of climate change scenarios, i.e., RCP4.5
(relatively wet climate) and RCP8.5 (extreme dry climate)
are based on the changing trend in the climate of the study area. According to the scenarios, the average projected change in precipitation and temperature are about 15.22%
and 274.07 K to 274.92 K by the end of 2035. The change in precipitation frequency in the study area will also affect the recharge in the Thal Doab aquifer. The future water availability projections and demand analysis were done to highlight the water deficiency that is resulting from these climate change scenarios ( Figure 11 ).
Management scenarios
The decrease in basic domestic water consumption scenario
In this scenario, 5% reduction was assumed in the domestic water consumption of all the districts. The decrease could be the result of mass education and knowledge sharing about water conservation to the public. Other possible technological solutions are also expected to be developed to reduce losses.
For example, the water supply must be according to the demand node, whether it is urban or rural. The rural water demand is always less than the urban water demand, so the rural water allocation must be different from urban water allocation. The results show that even with the smaller percentage We analyzed and proposed water management practices and policies for current and future water availability based on the socio-economic and climate change scenarios. The exploitation scenarios' results show that the water demands are increasing drastically. Thus, the designed potential management scenarios were applied to compare the water supply and demand analysis of the CIB. Figure 15 shows the unmet water demand in the exploitation (high population growth, increased irrigation demands) and potential management scenarios (decrease in domestic water consumption and decrease in irrigation water consumption) with the reference scenario. Water demand is still increasing in management scenarios, despite the decrease in This study has high significance for water managers for planning water resources of the country and also other stakeholders, keeping in view the socio-economic and climate change scenarios.
